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Euphorbia clivicola R.A. Dyer, an endangered Northern Province endemic, is restricted to only two known populations, 
both of which are threatened with extinction. The area between and surrounding the known populations, totalling 8874 
km2• was therefore searched for sites where either unknown populations could ex1st, or wh1ch could represent a 
suitable habitat for the introduction of a new population. A raster-based Geographical Information Systems package, 
IDRISI for Windows, was utilized to manipulate two point vector files, representing rainfall and altitude of the searched 
area, digitized within the TOSCANELLI system. The INTERPOL module produced two digital elevation models, from 
which the SURFACE module created slope and aspect images representative of the searched area. RECLASS and 
OVERLAY modules were finally utilized to identify 12 potential sites, covering only 1.4% of the total searched area. 
Ground-truthing is now needed to determine the presence or absence of further populations and to assess habitat 
suitability. This study emphasizes an additional application of GIS techniques to investigations with relevance to the 
biologica l sciences, speci fically to problems of rare and threatened species. GIS represents a cost-effective 
alternative method for addressing these problems by focusing ground searching activities to only a small number of 
potential sites. 
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Introduction 
fuphorbia c: /it ·ic:ola R.A. Dyer is an endangered endemic plant 
species restricted to the Northern Province of South Africa (Raal 
1986: Fourie 1989). It is known from only two populations 
which are separated by a distance of 38 km, and no other histori-
cal l oct~ l i ti es ht~ve been recorded. One population is protected 
wi thin " ntlture reserve, whi le the other occurs on the edges of an 
urbt~n t~retl. 
The protected population is threatened with extinction due to 
unsuitable fire management policies, adopted to ensure the sur-
vival of a het~lthy breeding population of the rare tsessebe ante-
lope, and the resultant pressure of w ild herbivores (Pfab 1997). 
It is estimated that if these threats remain, the mean time to 
ext inction of this population is l 0 years (Pfab 1997). The urban 
population is threatened w ith complete habitat destruction due to 
the development of a township in the area, the initial construc-
tion of which is set to commence as ear ly as the fi rst half of 1997 
(F. Venter. employee of the former Transvaal Provincial Admin-
istration, Nature Conservation Division, pers. comm.). 
l t would therefore be beneficial for the species to locate poten-
tial sites where, either unknown populations of E. clivicola may 
exist. or which could represent suitable habitat for the introduc-
tion of a new population ofthis species. Successfu l introduction 
of a species depends primarily on the locat ion of suitable habitat 
(Griffith eta/ 1989: Pavl ik eta/. 1993). During the introduction 
of a new population of the endangered plant Amsinckia grandi-
.flora, ecological habitat features taken into consideration 
included macroclimt~te. soi l, slope, exposure, associated commu-
nity. habi tat size and degree of disturbance (Pavlik et a/. 1993 ). 
Topographic mt~ps , soil survey maps, aerial photographs and 
field surveys involved site selection at a larger scale, while the 
suitable microsite was determined from field and laboratory 
studies (Pavlik eta/. 1993 ). 
Since the original intention of Geographical Information Sys-
tems (GIS) was to find a location in which a set of cr iteria would 
be met (Ball 1994), GIS can potentially be uti lized in order to 
search for further populations, or in order to introduce a new 
population of a rare species (G iven 1994). The aim of this study 
was to examine the potential of this GIS application, currently 
unknown from the l iterature. 
A GIS is a computer program which stores, manipulates and 
displays data (Fabricius & Coetzee 1992) as a spatially explicit 
model (Ball 1994). A GIS program may either be raster- (grid 
cells) or vector-based (Fabricius & Coetzee 1992). The former is 
more suited to modelling purposes and was thus uti lized in this 
study . 
Materials and Methods 
Site description and area searched 
Both the protected and urban populations of E. clivicola occur on 
hills with gentle north facing slopes of 8° and 7°, and cover areas of 
3.32 ha and 1.74 ha respectively. The protected population addition-
ally grows on the north-eastern s lop~. while the urban population 
extends well onto the north-western slope. The protected population 
occurs at an altitude between 1 420 and I 460 m above sea level and 
receives 595 mm of rainfall per year (rainfall data obtained from 
nature reserve records). The altitude associated with the urban popu-
lation ranges between I 360 and I 400 m above sea level, while the 
mean annual rainfall is 478 nun per year (rainfall data obtained from 
nearest weather station). 
A raster-based GIS package. lORI S I for Windows. was utilized to 
search the 38 km distance between these two known populations. as 
wdl as an area surrounding each population. The area surrounding 
the urban population was searched for distances of 33 km north. 32 
km east. 4 I km south, and 15 km west. the latter being almost half 
the distance extending to the protected population. Similarly. the 
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Table 1 The four site features of the known populations of Euphorbia clivicola and 
the range selected for the GIS exercise 
F..:atun: Population Range used in {iiS ..:.-.crcise 
----------------------------
l'rnh:cted llrban 
Mean annual rainlirll (nHn) 595 478 ~50---650 
Altitude (Ill above sea lc:vcl) I 42(}--1 460 I 360--1 400 I 360--1 4(10 
Asp<.:ct (decimal degrees) 
Slope (decimal degrees) 
N toNE (0°--<90°) N to NW (> 270°--360°) 0°--90° and 270°--3<>00 
an:a surrounding th..: protect..:d population was searched for 15 km 
e<L~t. 50 km north. 24 km south and 29 km west. The entire area 
searched totalkd S 874 km2. 
Digitizing the vector files 
Two vector Iiles. composed of point data within the searched area. 
wen: digitized from South African I :250 000 topocadastral maps. 
utilizing a digitizing tablet together with the TOSCANELLI system-
lORIS! for Windows Digitizing and Vector Management System. 
The tirst vector file featured the mean annual rainfall at a total of 
Ill weather stations in the searched area. Weather stations were 
iJcntilit:d in th..: area using the SEARCH moduli! of a computer pro-
gram written by Zuccl1ini ( 1988). which locates all weather stations 
within a given radius of a given central location. Mean annual rain-
fall ligures were subsequently obtained for these weather stations 
li·om tl1t: South Ati·ican Weather Bun:au in l'retorin. Th~ second 
vector tik fea tured the altitude. in metres above sea level. of 542 
points. 
A vector ti le incorporating geological Jata was not inclmh:d in tlu: 
nnalysis. The geology of the senrched area was considered to be too 
uniform to provide nny usd'ul habi tat features for this GIS appl ica-
tion. and E clivicola did not seem to be restricted to any specitic 
geological type found in the area (H. Brown. geologist. pcrs. 
comm.). 
20--l)O 
Rasterization and formation of the image fi les 
The vector tlh:s were converted into raster tiles using the IN I'ER-
POL IDR!Simodulc. which interpolates a full surface/digital ekva-
tion model from point data. by using. a distancc-weighteJ a\'eragc 
procedure. The distance weight exponent used was two. which is 
commonly chosen and is the dellnllt setting. and yielded a weight 
equal to the reciprocal of the distance squan:d. 
Two further images. representing the slope and aspect features of 
the searched area. wen: produced from the interpolated altitude 
image using the SURfACE module. SURFACE determines the 
slope. in units of decimal degrees. by cakulating the maximum slope 
around each pixel from the local slopes in x andy. The module cal-
culates the aspect from the direction in which the maximum slope 
faces, in units of decimal degrees using standard azimuth designa-
tions. i.e .• 0°--360°. clockwise rrom the north. 
Mountainous areas were present on the edges or the searched area. 
Since these areas fcatun:d steep slop~:s. and L clivico/a was found tn 
be present on only gcnth: s lopcs. it was tlccided to remove these 
areas from the image tiles. This \\as ac.:hil!ved by digitizing an arc 
vector tile in TOSCA. to repr.:sent the lll(lllntainous areas. and 
cycling it to form a polygon vector tih:. This polygon tile: was 
finally rasterizcd with POLYRAS. by updating a base raster image 
created using the INITIAl. module. Finally. the raster image repre-
senting the mountainous areas was overlnid with the rainfalL alti-
tude. aspect and slope images. 
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Figure 1 Mean annual rainfall (mm) characterizing the entire searched area between and surrounding the protected (P) and urban (U) sites 
of Euphorbia clivico/a. The protected site receives 595 mm of rainfall per year. while the urban site receives 478 mm of rainfall per year. 
The range utilized to identify areas receiving similar rainfall was 450--650 mm. 
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Figure 2 Altitudes (m above sea lt:vel) characterizing the entire searched area betw~:en and surrounding the prnt~:cted (P) and urban (U) 
~ill!~ of J-:uJihorhia c/ivicola. The altitude of the protected site is I 420- 1 460 m.a.s. l., whill: the altitude of the urban site is I 360- 1 400 
m.a.s. l. The range utili7.ed to idcntil)' areas with similar altitudes was I 360- 1 460 m.a.s.l. 
Identification of suitable sites 
The RECL/\SS module was th~:n used to identify areas on these four 
images. with rninlitll. altitude. aspect and slope J'eatures similar to 
those nf the sites \'vhere the known populations occur (Table I). 
RECLASS clnssifics or rcclassi ties the datn stored in image Iiies into 
new integer categories. In this 'c:xercisc all unsuitabh: areas on each 
image were rcclassiticd as zero (or as - I in the case of aspect). there-
fore essentially removing them from the image. All suitable areas 
wen: subsequently reclassil'ied as one. The range selected for slope 
attributes was quite wide compared to the actual slopes of the known 
populations (Table I). It was selected in (lrder to ~:ssentially remove 
flat {i.e .. 0° to < 2°) and steep areas (i.e.> 10°). 
The images containing values of only ones and zeros. were sys-
tematically combined wi th each other, i.e., the rainfall image with 
the altitude image. the result of which was combined with the aspect 
image and simi larly. this was combined with the slope image. The 
cumbinatiun procedure was accomplished using the OVERLAY 
moduli! which produces a new image from the data of two input 
images. in this case by adding the images together. 
At each of the steps during the combination procedure. RECLASS 
"as used to remove unsuitable an: as. by reclnssifying them as zero. 
Suitable areas were idenlilied as those areas with vnlucs of two. 
three and finally four in the lirst. second and third steps of the com-
bination procedure described above. 
Results 
Twelve sites with similar rainfall (Figure I), altitudes (Figure 2), 
aspects and slopes to the known populations of E. c/ivicola were 
identified during the searching procedure. The habitat poten-
tially suitable for £. c/Mcola covers a relatively small area, total-
ling 123 km2 or 1.4% ofthe searched area, and is restricted to a 
narrow east-west band between the protected and urban popula-
tions (Figure 3). All sites are relatively isolated from each other. 
On examination of all included habitat features, altitude may 
be the primary feature restricting suitable habitat for E. cfivicola 
to the narrow band of fragmented area shown in Figure 3. Ofthe 
area with suitable altitude, rainfall excludes only that towards the 
east of the urban population, while aspect and slope serve only to 
further reduce the suitable area dictated by altitude. 
The identified si tes may now be physically searched in order 
to determine whether any further populations of E. clh•ico/a 
exist, or to determine. at a smaller scale, whether any of these 
sites may be suitable for the introduction of a new population of 
the species. Suitable biotic and abiotic habitat features which 
should be examined, as well as the vegetation most common ly 
associated with E. clh•h:ola are described in Pfab ( 1997). 
Discussion 
Examples of the application of GIS techniques to problems of 
biological relevance arc sparse in the literature. However, there 
are a number of examples where sites characterized by certain 
habitat features were located using GIS. 
For example, spatial data representing the historical distribu-
tion of the north-west European heath lands were integrated with 
information on the current location and extent of these communi-
ties (Veitch el a/. 1995). This allowed for the identification of 
sites where heathlands cou ld potentially be restored (Veitch el a/. 
1995). 
In another investigation, similar maize growing regions in 
Mexico and Central America were grouped by analysing GIS cli-
matic datasets (Pollak & Corbett 1993 ). The features analysed 
included mean maximum and minimum monthly air tempera-
tures, absolute maximum and minimum air temperatures, mean 
monthly temperatures and rainfall. total rainfall, and elevation 
(Pollak & Corbett 1993). 
The presence or absence of mountain reedbuck during the 
summer and winter seasons could be predicted in a Karoo nnture 
reserve using rule-based models and GIS (Fabricius & Coetzee 
1992). Site features used within the GIS included mean. mini-
mum and maximum slope; mean, minimum and maxi mum ele-
vation; aspect; vegetation community; distance to drinking 
water; and terrain ruggedness (Fabricius & Coctzee 1992). 
This paper therefore emphasizes yet another application of 
GIS techniques to investigations wi th relevance to the biological 
sciences, specifically to problems of rare and threatened species. 
In the ~ase of E. clivico/a, GIS techniques allowed for the loca-
tion of 12 potential sites. where unknown populations of the 
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Figure 3 The tina! product of the sysh:matic overlaying procedure; when: all images were combined: rcprcst:nting the portion of tht: 
st:archt:d art:a with similar mean annual rainfalL altitudes, aspects and slopes to the protected (P) and urban (lJ) sites of Euphorbia clivievla 
Sites recommended for ground truthing arc designated A-L. The exact co-ordinates of these sites arc not given in order to prevent the locali-
ties of the existing populations being discovered by plant collectors. 
species may exist, or which may be suitable for the introduction 
of further populations. Essentially, an area which required 
searching, totalling 8 874 km 2, was reduced to only 1.4% of its 
original size. Site features utilized included mean annual rainfall, 
altitude, aspect and slope. All suitable sites identified covered 
small areas and were found to be relatively isolated from each 
other, characteristics shared with the known protected and urban 
sites. 
In addition to the spatial modelling of ecological features, suit-
able logistic features may be included, such as land use history, 
road access and la!ld size (Pavlik eta/. 1993). For example, in 
the case of E. c/ivicola it is desirable to introduce a new popula-
tion on private land. It is expected that this would mitigate the 
problems experienced with government, with respect to the 
municipal land on which the urban population of this species is 
located (F. Venter, pers. comm.). This would essentially allow 
for the establishment of a new population onto land free of the 
problems that caused the decline of the urban population of E. 
divicola (i.e., development), regarded as a benefit of introduc-
tion (Conant 1988). Therefore, an additional GIS image file 
could have been created, whereby the searched area would have 
been divided into private and government land. 
Static GIS models such as these may potentially be taken even 
further through the development of dynamic models which 
incorporate a temporal element. These models would perhaps 
most closely resemble cellular automaton simulation models, 
where each grid cell is characterized by its location and by a dis-
crete ecological state which may vary temporally due to the 
influence of neighbouring cells and the history of the cell itself 
(Jeltsch et a/. 1996). In dynamic GIS models, ecosystem proc-
esses such as fire, erosion and other factors may be simulated by 
utilizing the neighbourhood analysis modules included in most 
large raster GIS programs (Ball 1994). For example, the conse-
quences of uncontrolled invasion offynbos shrublands by woody 
weed species on the water yield from Western Cape Province 
catchment areas were modelle.d utilizing GIS techniques (Le 
Maitre et a/. 1996). The GIS databases included the extent and 
dates of all fires, the distribution of vegetation types, the distribu-
tion of annual rainfall . and the occurrence of alien plants (Le 
Maitre eta!. 1996). 
It should, however, be emphasized that the images created by 
the GIS software are spatially-explicit models. As such, they are 
only representations of reality, and error is therefore an inherent 
factor (Ball 1994; Veitch et a/. 1995). In this study, errors 
related to resolution most likely occurred, i.e., from contracting a 
large map to create a smaller image. In addition, manipulations 
of the data by the INTERPOL and SURF ACE modules could 
both have resulted in rounding errors. 
A detailed survey of the identified sites will therefore always 
be more valuable when assessing specific site attributes at a 
smaller scale (Reid eta!. 1993). Site features which should be 
examined at this smaller scale include the composition of the 
vegetation (including the presence of invasive alien plants), grass 
cover, shading, the presence of potential herbivores, fire regime, 
human disturbance and soil characteristics (Pfab 1997: 
Witkowski et a/. 1997; Witkowski & Lamont 1997). 
It is obvious, however, that GIS is highly beneficial to such 
exercises by focusing searching efforts to only a number of 
potential sites. The time-consuming and complex activities of 
consulting a multitude of maps and aerial photographs, followed 
by thorough fi eld surveys (Pavlik et a/ I 993 ), are obviated. As 
such, costs in terms of labour and time are reduced, and limited 
resources may be concentrated on sites with the greatest potential 
(Veitch et a/. 1995). This may be of particular importance for 
conservation authori ties in South Africa which are generally 
plagued with a lack of resources, both tinancial and human. In 
addition, GIS-based dnta are more compact and take up less 
space than paper maps (Fabricius & Coetzee 199.2). 
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Morphometric studies of Sargassum spp. (Sargassaceae, Phaeophyta) from Reunion 
Rocks, KwaZulu-Natal, South Africa. I. Receptacles 
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Ri!CI!ived 14 Apri/1997: revised 17 Ju(v /997 
Specimens of a mixed population of Sargassum spp. were collected from Reunion Rocks, KwaZulu-Natal , South 
Africa over a period of one year. Three general shapes of receptacle were recorded for Sargassum efegans, S. 
incisifofium and an undescribed species of Sargassum: i) terete, ii) three-cornered and iii) twisted receptacles 
respectively. The number of conceptacles on the receptacles was enumerated and related to the dry weight of the 
receptacles. It was found that conceptacle number per receptacle correlated well to the weight of the receptacle and 
that each receptacle type had a different number of conceptacles per unit weight. Relationships were found to vary 
from one season to the next, however, it was found that the three-cornered receptacle type developed a greater 
number of conceptacles per unit weight than the terete receptacle type. Reproductive:somatic biomass ratios indicated 
that the three-cornered receptacle type had a lower reproductive expenditure than the terete receptacle type in terms 
of biomass. Ecological and possible taxonomic implications are discussed. 
Keywords: Sargassum, receptacles, morphometric analysis. 
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Introduction 
The brown algal genus Sargassum has a tropical to sub-tropical 
distribution world-wide. The genus is credited with over 500 
recorded species (Yoshida 1989), but the taxonomy of the genus 
is considered by several authors to be in need of revision (Tseng 
eta/. 1985; Yoshida 1988, 1989; Abbott 1992). There have been 
many papers which have investigated the taxonomy of Sargas-
sum spp. (e.g. Yoshida 1989; Kilar eta!. 1992a,b; Trona 1992; 
Tseng & Lu 1992a,b; Ajisaka eta/. 1994; Nora eta/. 1994; Silva 
et a/. 1996) and several papers have investigated aspects of the 
ecology of members of the genus (e.g. Ang 1987; Ang & de 
Wreede 1990; Trona & Tolentino 1993; Kendrick & Walker 
1 ~94 and Largo et a!. 1994). Some papers have attempted to 
place a measure on the reproductive output of the species under 
investigation (Umezaki 1984) and others have highlighted the 
reproductive development of members of the genus (Okuda & 
Satoh 1989; Critchley et a/. 1991 ). To our knowledge, few 
papers have related quantitative data on reproductive structures 
across different species/forms of Sargassum. 
This paper forms part of a broader ecological study of the Sar-
gassum spp. population at Reunion Rocks, KwaZulu-Natal 
(KZN), South Africa. Sargassum is a common genus of seaweed 
occurring on the coast of KZN and is a dominant alga of upper 
intertidal rock pools. The Sargassum population at Reunion 
Rocks (approx imately 15 km south of Durban; 29°59'00"S, 
30°58'40"E) consists of several forms, the taxonomy of which 
remain uncertain (Birkett 1984). Several taxonomic publications 
have included South African species of Sargassum (Simons 
1976; Seagrief 1984 ), and nine species have been recorded from 
the South Afric!ln coast (Si lva et a!. 1996), ye t the variation 
present at Reunion Rocks is not adequately described by these 
works. Three forms of Sargasswn, each with a different shape of 
receptacle, are discussed in this paper. One is Sargassum elegans 
Suhr, one has been commonly referred to asS. heterophyl/um C. 
Agardh [=S. incis{(olium (Turner) C. Agardh, Si lva el a/. 1996] 
and the third appears to be undescribed. 
The reproductive structures of Sargassum are referred to as 
receptacles. In the forms found at Reunion Rocks, these struc-
tures occur in the axils of laminae of either secondary or tertiary 
branches of the main axis (nomenclature after Jensen 1974 and 
Yoshida 1989). Conceptacles (structures within the receptacle 
containing gametangia) occur in the receptacles and are visible 
on the receptacle surface as pores. 
The number of conceptacles that can occur on a single recepta-
cle is considerable and an accurate count of these conceptacles 
while rotating a receptacle under a microscope is both difficu lt 
and time consuming. This study presents an analysis of allomet-
ric relationships which allow estimation of conceptacle number 
from receptacle weight, while. at the same time presenting useful 
quantitative information of reproductive features of the genus, 
often considered to be conservative characters, across different 
species within the genus Sarga.1·sum. The potential application of 
a quantifiable taxonomic character and some ecological implica-
tions of the results are discussed. 
Methods and materials 
Thalli of Sargassum l!leg(1/1.\', S. mcisijiJ!ium and an. as yet. umk-
scribed Sargassum species were collected from Reun ion Rocks. 
KwaZulu-Natal. South Africa (29°5\J'OO"S, 30°58'40"E) over a one 
year period (July, October 1995, January. May 1996). Each species 
develops receptacles of a difti:rcnt form. a consistent li:ature 
between the species. Strati ti ed random sampling. using. seven 0.16 
m2 quadrats was usd. Prom the material collected, a sub-sample of a 
minimum of tive thalli (with n:ceptades) of each species prcs~:nt 
was chosen at random. Prom these thalli. all receptacles present were 
removed and preserved in 4% formalin-seawater. A sub-sample of 
receptacle clusters was tnkcn from the thalli. A receptacle duster 
being defined as all those receptacle branches (all three types llf 
receptacle display branching) which ari:;e from one axis in the axi l of 
a lamina. The number of conceptacles that could bl! seen on a recep-
tacle when looking down the microscope was counted for material 
collected during all sample times, i.e. one side of the three-cornered 
receptacles (receptacle placed on one apex of the ' triangle'); those 
conceptncles that were visihh: on the tcrctc type without any move-
ment of the n:ccptacll!. and those of the twisted receptacll! were 
counted by fo llowing one of the three sides around a twist from the 
base to the apex. In addition to these data the total number of con-
ceptacles per receptacle cluster was also counted for July 1995 so as 
to determine the relationship between 'surface' and total 
